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SUMVARY

Bacillus subtilis is an ubiquitous bacterium comonly
recovered fromwater, soil, air, and deconposing plant residue.
The bacterium produces an endospore that allows it to endure
extrenme conditions of heat and desiccation in the environnment.
B. subtilis produces a variety of proteases and ot her enzynes
that enable it to degrade a variety of natural substrates and
contribute to nutrient cycling. However, under nobst conditions,
the organismis not biologically active but exists in the spore
form B. subtilis is considered a benign organism as it does
not possess traits that cause disease. It is not considered
pat hogeni c or toxigenic to humans, animals, or plants. The
potential risk associated with the use of this bacteriumin
fermentation facilities is | ow

1. BACKGROUND
A. | nt roducti on

EPA recogni zes that some m croorganisns present a |low risk
when used under specific conditions at general comercial use.
Therefore, EPA is proposing expedited regulatory processes for
certain mcroorgani sns under these specific conditions at the
general commercial use stage. M croorgani smuses that woul d be
exenpt neet criteria addressing: (1) perfornmance based standards
for mnimzing the nunbers of m croorganisns emtted fromthe
manufacturing facility; (2) the introduced genetic material; and
(3) the recipient mcroorganism M croorganisns that qualify for
t hese exenptions, terned Tier | and Tier Il, nust neet a standard
of no unreasonable risk in the exenpted use.

To evaluate the potential for unreasonable risk to human
health or the environnment in devel oping these exenptions, EPA
focuses primarily on the characteristics of the recipient
m croorganisns. |If the recipient is shown to have little or no
potential for adverse effects, introduced genetic material
nmeeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be low, EPA is also specifying procedures for
m ni m zi ng nunbers of organisns enmtted fromthe facility. Wen
bal anced agai nst resource savings for society and expected
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product benefits, these exenptions will not present unreasonable
risks.

B. Criteria for Mnimzing Rel ease from Manufacturing
Facilities

The standards prescribed for the Tier | exenption require
the following: (1) the structure(s) be designed and operated to
contain the mcroorganism (2) access to the structure should be
limted to essential personnel, (3) inactivation procedures shown
to be effective in reducing the nunber of viable m croorgani sns
in liquid and solid wastes should be followed prior to disposal
of the wastes, (4) features to reduce mcrobial concentrations in
aerosol s and exhaust gases released fromthe structure should be
in place, and (5) general worker hygiene and protection practices
shoul d be fol |l owed.

1. Definition of structure. EPA considers the term
"structure" to refer to the building or vessel which effectively
surrounds and encl oses the m croorganism \Vessels may have a
variety of forms, e.g., cubic, ovoid, cylindrical, or spherical,
and may be the fernentation vessel proper or part of the
downstream product separation and purification line. Al would
performthe function of enclosing the mcroorganism |n general,
the material used in the construction of such structure(s) woul d
be i nperneable, resistant to corrosion and easy to
clean/sterilize. Seans, joints, fittings, associated process
pi ping, fasteners and other simlar elenments would be seal ed.

2. Standards to mnimze mcrobial release. EPA s
proposi ng, for several reasons, a sonewhat cautious approach in
prescribing standards for mnimzing the nunber of m croorganisns
emtted through the di sposal of waste and the venting of gases.
First, a wide range of behaviors can be displayed by
m croorgani snms nodi fied consistent wwth EPA's standards for the

i ntroduced genetic material. Second, EPA will not conduct any
revi ew what soever for Tier | exenptions. EPA believes the
requirenent to mnimze emssions wll provide a neasure of risk

reduction necessary for naking a finding of no unreasonable risk.
Taken together, EPA' s standards ensure that the nunber of
m croorgani sns emtted fromthe structure is mnimzed.

EPA' s proposed standards for mnim zing em ssions specify
that liquid and solid waste containing the m croorgani sns be
treated to give a validated decrease in viable mcrobial
popul ations so that at |east 99.9999 percent of the organisns
resulting fromthe fernentation wll be killed. Since the
bacteria used in fernmentati on processes are usually debilitated,
either intentionally or through acclimation to industrial
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fermentation, the small fraction of m croorgani snms renaini ng
viabl e after inactivation treatnents will |ikely have a reduced
ability to survive during disposal or in the environnent.

Mor eover, industrial conmpanies, in an attenpt to keep their
proprietary m croorgani sns fromconpetitors and to reduce the

m crobi al nunbers to those permtted by |ocal sanitation
authorities, nodify the mcroorganisns to increase the ability of
their mcroorganisnms to survive and performtheir assigned tasks
in the fermentor but decrease their ability to survive in the
envi ronnment external to the fernentor.

EPA requirenents al so address m croorgani sns in the exhaust
fromthe fernmentor and al ong the production line. To address
exhaust fromfernentors, EPA is proposing that the nunber of
m croorgani sns in fernentor gases be reduced by at |east two | ogs
prior to the gases being exhausted fromthe fernmentor. EPA
selected this nunber based on an estimate of the nunbers of
m croorganisns likely to be in the exhaust froman uncontroll ed
fermentor and common industry practice. Mreover, m croorgani sns
that are physiologically acclimated to the growh conditions
within the fernmentor are likely to be conpromsed in their
ability to survive aerosolization. EPA anticipates, therefore,
that few m croorganisns will survive the stresses of
aerosolization associated wth being exhausted in a gas fromthe
fermentor. The provision requiring reduction of m croorgani sns
in fermentor exhaust gases contributes to mi nimzing the nunber
of viable mcroorganisns emtted fromthe facility.

EPA is al so proposing that the requirenments specify that
ot her systens be in place to control dissem nation of
m croorgani sms by other routes. This would include progranms to
control pests such as insects or rats, since these m ght serve as
vectors for carrying mcroorgani snms out of the fernentation
facilities.

3. Worker protection. The requirenent to mnimze
m crobi al em ssions, in conjunction with the requirenment for
general worker safety and hygi ene procedures, also affords a
measure of protection for workers. Potential effects on workers
that exist with mcroorganisns in general (e.g., allergenicity)
will be present with the m croorgani sns qualifying for this
exenption. As wth other substances that humans may react to
(e.g., pollen, chemcals, dust), the type and degree of
al l ergenic response is determ ned by the biology of the exposed
individual. It is unlikely that a mcroorganismnodified in
keeping wth EPA s specifications for the introduced genetic
mat eri al woul d i nduce a hei ghtened response. The general worker
hygi ene procedures specified by EPA shoul d protect nost
individuals fromthe allergenic responses associated with
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m croorgani sns exhausted fromfernentors and/or other substances
emtted al ong the production line. The EPA requirenent that
entry be limted to essential personnel also addresses this
consideration by reducing to a mnimumthe nunber of individuals
exposed.

4. Effect of containnent criteria. As further assurance
that risks would be |ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns enmtted fromthe facility for the
Tier | exenption. EPA is not specifying standards for mnim zing
t he nunber of mcroorganisns emtted fromthe facility for
m croorgani snms qualifying for Tier Il exenption. Rather, the
Agency requests that submtters utilize as guidance the standards
set forth for Tier | procedures. The procedures proposed by the
submtter in a Tier Il exenption request will be reviewed by the
Agency. EPA will have the opportunity to eval uate whether the
procedures the submtter intends to inplement for reducing the
nunber of organisns emtted fromthe facility are appropriate for
t hat m croorgani sm

C. | nt roduced Genetic Material Criteria

In order to qualify for either Tier | or Tier Il exenption,
any introduced genetic material nust be limted in size, well
characterized, free of certain nucleotide sequences, and poorly
nmobi | i zabl e.

1. Limted in size. |Introduced genetic material nust be
limted in size to consist only of the followng: (1) the
structural gene(s) of interest; (2) the regul atory sequences
permtting the expression of solely the gene(s) of interest; (3)
t he associ ated nucl eoti de sequences needed to nove genetic
material, including |linkers, honopol yners, adaptors, transposons,
i nsertion sequences, and restriction enzyne sites; (4) the
nucl eoti de sequences needed for vector transfer; and (5) the
nucl eoti de sequences needed for vector nmintenance.

The limted in size criterion reduces risk by excluding the
introduction into a recipient of extraneous and potentially
uncharacterized genetic material. The requirenment that the
regul atory sequences permt the expression solely of the
structural gene(s) of interest reduces risk by preventing
expressi on of genes downstream of the inserted genetic material.
The limtation on the vector sequences that are conponents of the
i ntroduced genetic material prevents the introduction of novel
traits beyond those associated with the gene(s) of interest. The
overall result of the |imted in size criterion is inproved
ability to predict the behavior of the resulting m croorgani sm
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2. Vll characterized. For introduced genetic nmaterial,
wel | characterized neans that the foll owi ng have been determ ned:
(1) the function of all of the products expressed fromthe
structural gene(s); (2) the function of sequences that
participate in the regulation of expression of the structural
gene(s); and (3) the presence or absence of associ ated nucl eoti de
sequences.

Wel | characterized includes know edge of the function of the
i ntroduced sequences and the phenotypi c expression associ at ed
with the introduced genetic material. Genetic material which has
been exam ned at the restriction map or sequence |evel, but for
whi ch a function or phenotypic trait has not yet been ascri bed,
is not considered well characterized. WII| characterized would
i ncl ude know ng whether nultiple reading franes exist wthin the
operon. This relates to whether nore than one biol ogical product
m ght be encoded by a single sequence, and addresses the
possibility that a nodified m croorgani smcould display
unpr edi cted behavi or should such nultiple reading franmes exi st
and their action not be antici pated.

3. Free of certain sequences. In addition to inproving
the ability to predict the behavior of the nodified
m croorganism the well characterized requirenent ensures that
segnents encoding for either part or the whole of the toxins
listed in the proposed regulatory text for the TSCA bi ot echnol ogy
rule would not inadvertently be introduced into the recipient
m cr oor gani sm

These toxins are pol ypeptides of relatively high potency.
O her types of toxins (e.g., nodified am no acids, heterocyclic
conpounds, conpl ex pol ysacchari des, glycoproteins, and peptides)
are not listed for two reasons. First, their toxicity falls
within the range of noderate to | ow. Second, these types of
toxins generally arise fromthe activity of a nunber of genes in
several netabolic pathways (nultigenic).

In order for a mcroorganismto produce toxins of nultigenic
origin, a large nunber of different sequences woul d have to be
i ntroduced and appropriately expressed. It is unlikely that al
of the genetic material necessary for netabolizing nultigenic
toxi ns woul d be inadvertently introduced into a recipient
m croorgani smwhen requirenents that the genetic material be
l[imted in size and well characterized are foll owed.

Simlarly, other properties that m ght present risk concerns
result fromthe interactive expression of a |arge nunber of
genes. For exanple, pathogenic behavior is the result of a |large
nunber of genes being appropriately expressed. Because of the
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conpl ex nature of behaviors such as pathogenicity, the
probability is Iow that an insert consisting of well
characterized, limted in size genetic material could transform
t he m croorgani sns proposed for exenption into m croorgani snms
whi ch di spl ay pat hogeni ¢ behavi or.

4. Poorly nobilizable. Poorly nobilizable neans the
ability of the introduced genetic material to be transferred and
nmobilized is inactivated, with a resulting frequency of transfer
of less than 10°® transfer events per recipient. The requirenent
that the introduced genetic nmaterial be poorly nobilizable
reduces potential for transfer of introduced genetic sequences to
other mcroorganisns in the environment. Such transfers would
occur through the interaction of the introduced m croorgani sm
w t h i ndi genous m croorgani snms through conjugation, transduction,
or transformation. Through such transfers, the introduced
genetic material could be transferred to and propagated within
di fferent popul ati ons of m croorgani sns, including m croorgani sns
whi ch may never previously have been exposed to this genetic
material. It is not possible to predict how the behavi or of
t hese potential recipient mcroorganisns wll be affected after
upt ake and expression of the genetic material.

Since EPAis not limting the type of organismthat can
serve as the source for the introduced genetic material, sonme
limtation is placed on the ability of the introduced genetic
material to be transferred. This limtation mtigates risk by
significantly reducing the probability that the introduced
genetic material would be transferred to and expressed by ot her
m cr oor gani sns.

The 108 frequency is attainable given current techniques.
Plasmids with transfer rates of 108 exist or are easily
constructed. Sone of the plasm ds nost commonly enpl oyed as
vectors in genetic engineering (e.g., pBR325, pBR322) have
nmobi | i zation/transfer frequencies of 108 or |ess.

The criteria set for "poorly nobilizable" for transduction
and transformati on shoul d not prevent nost m croorganisns from
nmeeting the exenption criteria, since the magjority of transfer
frequencies reported for transduction and natural transformation
are less than 108 Higher frequencies are likely only if the
i ntroduced genetic material has been altered or selected to
enhance frequency.

Fungal gene transfer has al so been considered in devel opnent
of the poorly nobilizable criterion. Although nobile genetic
el ements such as transposons, plasm ds and doubl e stranded RNA
exist in fungi and can be readily transferred, this transfer
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usually is only possible between nenbers of the sanme species
duri ng anastonosis, a process specific to fungi. Since
anastonosis only occurs between nenbers of the sane species, the
i ntroduced genetic material would not be transferred to distantly
related fungi as may occur with bacteri a.

5. Effect of introduced genetic material criteria. The
requi renents placed on the introduced genetic material, in
concert with the level of safety associated with Bacillus
subtilis, ensure that the resulting m croorgani sns present |ow or
negligible risk. The probability is low that the insertion of
genetic material nmeeting EPA's criteria into strains of B.
subtilis will change their behavior so that they would acquire
the potential for causing adverse effects. R sks would be
mtigated by the four criteria placed on the introduced genetic
material, the relative safety of B. subtilis, and the
inactivation criteria specified for the Tier | exenption. 1In the
case of Tier Il exenption, risks would be mtigated in |ight of
the four criteria placed on introduced genetic material, the
relative safety of B. subtilis, and EPA's review of the
condi tions sel ect ed.

D. Reci pient McroorganismCriteria

Six criteria were used by EPA to determine eligibility of
reci pient mcroorganisns for the tiered exenption.
M croor gani snms which EPA finds neet these criteria are listed as
eligible recipients. The first criteria would require that it be
possible to clearly identify and classify the m croorgani sm
Avai | abl e genotypi c and phenotypic information should allow the
m croorganismto be assigned wi thout confusion to an existing
taxon which is easily recognized. Second, information should be
avail able to evaluate the relationship of the m croorganismto
any other closely related m croorgani sns which have a potenti al
for adverse effects on human health or the environnment. Third,
there should be a history of commercial use for the
m croorganism Fourth, the commercial uses should indicate that
the m croorgani sm products m ght be subject to TSCA jurisdiction.
Fifth, studies are available which indicate the potential for the
m croorgani smto cause adverse effects on human health and the
environnment. Sixth, studies are avail able which indicate the
survival characteristics of the mcroorganismin the environnent.

After each m croorgani smwas reviewed using the six
evaluation criteria, a decision was nmade as to whether to place
the mcroorganismon the list. The Agency's specific
determ nation for Bacillus subtilis is discussed in the next
unit.
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I11. EVALUATI ON OF BACI LLUS SUBTI LI S

A Hi story of Use

1. History of safe comercial use. Bacillus subtilis is
one of the nost wi dely used bacteria for the production of
enzynes and specialty chemcals. Industrial applications include
production of enzynes, antibiotics, and other specialty
chem cals. B. subtilis is considered a Cass 1 Containnment Agent
under the NIH CGuidelines for Research Invol ving Reconbi nant DNA
Mol ecul es and falls under the Cass 1 Containment under the
Eur opean Federal of Bi otechnol ogy gui delines.

2. Products subject to TSCA jurisdiction. To date, EPA has
reviewed three premanufacture notices (PVMNs) for strains of B.
subtilis. One of the strains was nodified for enhanced
production of the enzyne a-anylase to be used primarily in
production of ethanol for use as gasoline. Another strain was
nodi fied for enhanced production of a |lipase enzyne for use in
heavy duty detergents.

B. | dentification of M croorgani sm

1. dassification. The genus Bacillus consists of a
| arge nunber of diverse, rod-shaped gram positive bacteria which
are capabl e of produci ng endospores that are resistant to adverse
environnental conditions. B. subtilis is the type species of the
genus. Historically, B. subtilis was a termgiven to all aerobic
endospore-formng bacilli. Nunmerous species that appeared in the
early literature as B. subtilis have since been designated as
separate Bacillus species. B. subtilis can be distinguished from
closely related Bacillus species by the use of API diagnostic
test kits or pyrolysis gas-liquid chromatography. Because of
changes in the classification of the genus and recent
devel opnents in nethods of taxonom c identification, older
strains may not actually be B. subtilis under present-day
definitions.

2. Related taxa of concern. B. subtilis is part of
the sane | arge cluster of bacilli which includes pathogenic or
opportunistic Bacillus species. This includes the B.
cereus/ ant hraci s/thuringi ensi s/ nycoi des group whose nenbers are
manmal i an and i nsect pathogens and food poi soni ng agents.
However, B. subtilis is distinguishable fromthe pathogenic
bacilli as well as fromthe nore closely related bacilli.




C. Ri sk Summary

1. Studies regarding potential for adverse effects. B.
subtilis is not a frank human pat hogen, but has been isol ated
fromhuman infections. However, the literature suggests that
before infection can occur, there nust be i mmunosuppression of
t he host followed by inoculation in high nunbers of the
m croorganism B. subtilis does not produce significant
gquantities of extracellular enzynmes or toxins and is generally
considered to have a | ow degree of virulence. B. subtilis does
produce the extracellular enzyne subtilisin that has been
reported to cause allergic or hypersensitivity reactions in
i ndividuals repeatedly exposed to it.

The literature also indicates that ecol ogical hazards
associated with the use of B. subtilis are low \Wile there are
reports suggesting that B. subtilis is a cause of abortion in
i vestock, Koch's postul ates have not been satisfied in
denonstrating that this mcroorgani smwas the causal agent. The
association of B. subtilis with livestock abortions is quite |ow
conpared to the total nunber of |ivestock abortions caused by
m croorgani sms. B. subtilis is not considered a plant pathogen.

2. Studies regarding survival in the environnent. B.
subtilis is a ubiquitous soil mcroorganismthat contributes to
nutrient cycling when biologically active, due to the various
enzynes produced by nenbers of the species. Unless a soil has
been recently anmended with organic matter providing readily
utilizable nutrients, the bacilli exist in the endospore stage.

| V. BENEFI TS SUMVARY

Substantial benefits are associated with this proposed
exenption. Bacillus subtilis is already wi dely enployed in
general commercial uses, sone of which are subject to TSCA
reporting. The Agency believes this exenption will result in
resource savings both to EPA and industry w thout conprom sing
the level of risk managenent afforded by the full 90 day review
In addition to assessing the risk of B. subtilis, EPA has
devel oped criteria limting the potential for transfer of and
expression of toxin sequences, and the conditions of use
specified in the exenption are net (Tier 1) or will be revi ewed
by EPA to ensure adequate risk reduction (Tier 11). EPA
requirenments for mnimzing nunbers of viable m croorgani sns
emtted are within standard operating procedures for the
i ndustry, and both the procedures and the structures specified in
the exenption are the type industry uses to protect their
products from contam nati on
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The exenption will result in reduced reporting costs and a
decrease in delay associated with reporting requirenents. The
savi ngs in Agency resources can be directed to review ng
activities and m croorgani sns which present greater uncertainty.
Thi s exenption should also facilitate devel opnent and
manuf acturi ng of new products and the accunul ati on of useful
i nformati on.

V. RECOMVENDATI ON AND RATI ONALE

A Recomendati on: Strains which neet the present day
classification as Bacillus subtilis are recommended for the
section 5(h)(4) exenption.

B. Rati onal e

1. Risks fromuse of the recipient mcroorgani smB.
subtilis are low B. subtilis is ubiquitous in the environnment
and the rel eases expected fromfernentation facilities wll not
significantly increase populations of this mcroorganismin the
environment. Al though the possibility of human infection by B.
subtilis is not non-existent, it is lowin the industrial
setting, because it occurs primarily in highly imunoconprom sed
individuals. In the industrial setting with the use of proper
safety precautions, good | aboratory practices, and proper
protective clothing and eyewear, the potential for infection of
wor kers should be quite low The only human heal th concern for
workers in the fernmentation facility is the potential for
allergic reactions with chronic exposure to subtilisin. OSHA has
establi shed an exposure Iimt for subtilisin which nmust be net in
the industrial setting. Although B. subtilis may be associ at ed
with livestock abortions, the use of this mcroorganismin
fermentation facilities will not substantially increase the
frequency of this occurrence.

2. Use of recombinant strains of B. subtilis which are

eligible for the TSCA section 5(h)(4) exenption present no

unr easonabl e ri sk. Wil e not conpletely innocuous, B. subtilis
presents |ow risk of adverse effects to human health or the

envi ronnent. Because of the change in classification, older
industrial strains of B. subtilis may not neet the present-day
designation. As part of their eligibility for this TSCA section
5(h)(4) exenption, conpanies are required to certify that they
are using B. subtilis. It is therefore expected that conpanies
will have information in their files which docunents the correct
identification of their strains. Additionally, it is expected
that conpanies will choose well-characterized industrial strains
for further devel opnent through genetic nodification. These
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expectations in conbination with the use of Good Laboratory
Practices should ensure the use of the correct species.

Because the recipient mcroorganismwas found to have little
potential for adverse effects, introduced genetic materi al
meeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be | ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption and will be reviewi ng the conditions sel ected

for the Tier Il exenption. Wen bal anced agai nst resource
savings for society and expected product benefits, this exenption
wi |l not present unreasonable risks.

REQUEST FOR COVMENTS

The Ri sk Assessnment to support the proposal of Bacillus
subtilis as a candidate for the TSCA section 5(h)(4) tiered
exenption recomends that only asporogenic strains with a
sporul ation deficiency of at least 107 be eligible for the
exenption. However, this Decision Docunent recommends al
strains of Bacillus subtilis for this exenption. The recipient
m croorganismB. subtilis was found to have little potential for
adverse effects. The probability is low that the insertion of
genetic material neeting EPA's criteria into such a m croorgani sm
wi Il change its behavior so that it would acquire the potentia
for causing adverse effects. Therefore, there should be no need
to restrict this exenption to asporogeni c strains.

However, because there is a discrepancy in the
recomendati ons of the Ri sk Assessnent and the Decision Docunent,
EPA requests conmment on whether its current recomendati on of al
strains of B. subtilis as eligible for this exenption is
appropriate or should be nodified to limt the exenption only to
aspor ogeni ¢ strains.
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| NTEGRATED RI SK ASSESSMENT OF
BACI LLUS SUBTI LI S

| NTRODUCTI ON

Bacillus subtilis is a ubiquitous bacterium conmonly
recovered fromwater, soil, air, and deconposing plant residue.
The bacterium produces an endospore that allows it to endure
extrenme conditions of heat and desiccation in the environnent.
B. subtilis produces a variety of proteases and ot her enzynes
that enable it to degrade a variety of natural substrates and
contribute to nutrient cycling. However, under nost conditions
the organismis not biologically active but exists in the spore
form (Al exander, 1977). B. subtilis is considered a benign
organismas it does not possess traits that cause disease. It is
not consi dered pat hogenic or toxigenic to humans, aninmals, or
plants. The potential risk associated with the use of this
bacteriumin fernentation facilities is | ow

Hi story of Commercial Use and Products Subject to TSCA
Jurisdiction

B. subtilis is one of the nost wi dely used bacteria for the
production of enzynes and specialty chem cals. Industrial
applications include production of anylase, protease, inosine,
ri bosi des, and am no acids. TSCA uses of proteases include
cl eaning aids in detergents and dehairing and batting in the
| eat her industry. TSCA uses of anyl ases include desizing of
textiles and starch nodification for sizing of paper (Erikson,
1976) .

The Agency has revi ewed, under TSCA, three PM\s of
genetically nodified B. subtilis for production of a protease
(P87-1030), al pha-anylase (P89-227), and |lipase (P91-1154). EPA
found that there were no unreasonable risks associated with the
use of these reconbinant strains for enzyne production in
fermentation facilities.

['1. | DENTI FI CATI ON AND TAXONOWY
A.  Overview
B. subtilis is a ubiquitous soil m croorgani smthat

contributes to nutrient cycling when biologically active due to
t he various enzynmes produced by nenbers of the species. Although
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the actual nunbers in existence in the environnent for this
speci es has not been determ ned, bacilli occur at population
| evel s of 10° to 10’ per gram of soil (Al exander, 1977).
However, unless a soil has been recently anended wth organic

matter providing readily utilizable nutrients, the bacilli exist
in the endospore stage. It is thought that 60 to 100% of soi
bacilli populations exist in the inactive spore state (Al exander,

1977). Like nost nenbers of the genus, B. subtilis is aerobic,
except in the presence of glucose and nitrate, sone anaerobic
grow h can occur (C aus and Berkel ey, 1986).

B. Taxonony and Characterization

The genus Bacillus consists of a |arge nunber of diverse,
rod-shaped Gram positive (or positive only in early stages of
growm h) bacteria that are notile by peritrichous flagella and are
aerobic. Menbers of the genus are capabl e of producing
endospores that are highly resistant to unfavorabl e environnment
conditions (C aus and Berkel ey, 1986). The genus consists of a
di verse group of organisns as evidenced by the wi de range of DNA
base ratios of approximately 32 to 69 nol% G + C (O aus and
Ber kel ey, 1986), which is far wider than that usually considered
reasonable for a genus (Norris et al., 1981).

B. subtilis is the type species of the genus. Historically,
prior to the nonographs of Smth in 1946 and 1952, B. subtilis
was a termgiven to all aerobic endospore-formng bacilli (Logan,
1988). Nunerous species that appeared in the early literature
are no | onger recognized as official species. Fornmer species
designations that are now considered to be nenbers of the species
B. subtilis include B. aterrinus, B. nesentericus, B. niger, B.
panis, B. vulgarus, B. nigrificans, and B. natto (G bson, 1944
and Smith et al., 1946 as cited by Gordon, 1973). Although in
the past it has been designated as a separate species, the |atest
edition of Bergey's Manual of Systematic Bacteriology (C aus and
Ber kel ey, 1986) listed B. anyloliquefaciens as a nenber of the
species B. subtilis. However, recently it has again achieved the
status of a separate species (Priest et al., 1987).

The Bacillus species subtilis, licheniforms, and pum | us
are closely related and there has been difficulty distinguishing
anong the three species that historically were grouped together
as the subtilis-group or subtilis-spectrum (Gordon, 1973). These
three species clustered together (78% in the "subtilis" group in
a nunerical classification based on 118 unit characteristics of
368 strains of Bacillus (Priest et al., 1988). However, this
maj or cluster contained four subclusters that could be identified
as B. subtilis, B. licheniforms, B. punulis, and B.
anyl ol i quefaci ens. Recent data in the |literature have suggested



14

that it is possible to differentiate B. subtilis from B.
licheniforms and B. purmulis by the use of pyrolysis-gas
chromat ography (O Donnell et al., 1980) or by the use of API
tests (Logan and Berkeley, 1981). 1In addition, B. subtilis and
B. anyloliquefaciens show little DNA sequence honol ogy to each
other (Seki et al., 1975; Priest, 1981) and can al so be

di stingui shed from each ot her by pyrolysis-gas chromat ography
(O Donnell et al., 1980) and by a few phenotypic properties

i ncludi ng the production of acid fromlactose (Priest et al.
1987) .

In conclusion, it appears that B. subtilis can be
di stingui shed fromother closely related species. However,
because of changes in the classification of the genus, and the
recent devel opnent of new nethods for taxonom c purposes, ol der
strains may not actually be B. subtilis under present-day
definitions.

C. Related Species of Concern

There are several species of the genus that are known
pat hogens. These include B. anthracis which is pathogenic to
humans and ot her aninmals, and B. cereus which is a conmobn cause
of food poisoning (C aus and Berkel ey, 1986; Norris et al.
1981). B. thuringiensis, B. larvae, B. |entinorbus, B.
popilliae, and sonme strains of B. sphaericus are pathogenic to
certain insects. Oher species in the genus are considered
"opportunistic pathogens".

In a nunerical classification using 118 characteristics of
368 species of Bacillus, the species B. thuringiensis, B. cereus,
and B. nycoides clustered together at 89 - 92%simlarity (Priest
et al., 1988). The B. subtilis group joined the B. cereus group
at 72% rel atedness. There is no difficulty in distinguishing
bet ween the toxin-producing strains of Bacillus and B. subtilis.

I11. HAZARD ASSESSIVENT
A. Human Heal th Hazards

1. Col oni zati on

B. subtilis is widely distributed throughout the
environnment, particularly in soil, air, and deconposi ng pl ant
residue. It has shown a capacity to grow over a w de range of
tenperatures including that of the human body (C aus and
Ber kel ey, 1986). However, B. subtilis does not appear to have
any specialized attachnment nechanisns typically found in
organi sns capabl e of col oni zi ng humans (Edberg, 1991). Guven its
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ubiquity in nature and the environnmental conditions under which
it is capable of surviving, B. subtilis could be expected to
tenporarily inhabit the skin and gastrointestinal tract of
humans, but it is doubtful that this organi smwould col oni ze
other sites in the human body (Edberg, 1991).

2. Gene Transfer

The transfer of gene sequences between strains of B.
subtilis has been denonstrated when the strains were grown
together in soil (G ahamand Istock, 1979). In addition, Klier
et al. (1983) denonstrated the ability of B. subtilis and B
t huringi ensis to exchange high frequency transfer plasm ds.

O her studies have shown that B. subtilis has the ability to
express and secrete toxins or conponents of the toxins that were
acquired from other m croorgani sns through such transfers of
genetic material. B. subtilis expressed subunits of toxins from
Bordatella pertussis (Saris et al., 1990a, 1990b), as well as
subunits of diphtheria toxin (Hemla et al., 1989) and
pneunol ysi n A pneunococcal toxin (Taira et al., 1989). Al though
B. subtilis does not appear to possess indi genous virul ence
factor genes, it is theoretically possible that it may acquire
such genes from other bacteria, particularly fromclosely rel ated
bacteria within the genus.

3. Toxi n Producti on

A review of the literature by Edberg (1991) failed to reveal
the production of toxins by B. subtilis. Although it has been
associated wth outbreaks of food poisoning (Glbert et al., 1981
and Kraner et al., 1982 as cited by Logan, 1988), the exact
nature of its involvenent has not been established. B. subtilis,
like other closely related species in the genus, B
licheniforms, B. punulis, and B. negaterium have been shown to
be capabl e of producing | ecithinase, an enzyne which disrupts
menbranes of mammalian cells. However, there has not been any
correl ation between | ecithinase production and human di sease in
B. subtilis.

B. subtilis does produce an extracellular toxin known as
subtilisin. Al though subtilisin has very |ow toxigenic
properties (G1I, 1982), this proteinaceous conpound is capable
of causing allergic reactions in individuals who are repeatedly
exposed to it (Edberg, 1991). Sensitization of workers to
subtilisin may be a problemin fernentation facilities where
exposure to high concentration of this conpound may occur.
Exposure limts to subtilisin are regulated by Occupati ona
Saf ety and Health Administration (OSHA) (29 CFR 1900, et seq.)
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4. Measure of the Degree of Virul ence

B. subtilis appears to have a | ow degree of virulence to
humans. |t does not produce significant quantities of
extracel lul ar enzynmes or possess other virulence factors that
woul d predispose it to cause infection (Edberg, 1991). There are
a nunber of reports where B. subtilis has been isolated from
human infections. Earlier literature contains references to
i nfections caused by B. subtilis. However, as previously stated,
the termB. subtilis was synonynous for any aerobic sporeformng
bacilli, and quite possibly, many of these infections were
associated with B. cereus. In a recent British review article,
Logan (1988) cites nore recent cases of B. subtilis infections in
which identification of the bacterium appeared reliable.

I nfections include a case of endocarditis in a drug abuse
patient; fatal pneunonia and bacteremia in three | eukemc
patients; septicema in a patient with breast cancer; and
infection of a necrotic axillary tunor in another breast cancer
patient. Isolation of B. subtilis was al so nade from surgica
wound- dr ai nage sites, froma subphrenic abscess from a breast
prosthesis, and fromtwo ventriculo-atrial shunt infections (as
cited by Logan, 1988).

Revi ews of Bacillus infections fromseveral nmajor hospitals
suggest that B. subtilis is an organismw th | ow virul ence. |dhe
and Arnmstrong (1973) reported that Bacillus infections were
encountered only twelve tines over a 6-1/2 year period. Species
identification of these Bacillus infections was not nmade. In
anot her hospital study over a 6-yr. period, only two of the 24
cases of bacterem a caused by Bacillus (of a total of 1,038
cases) were due to B. subtilis (as cited by Edberg, 1991). Many
of these patients were i mMmunoconprom sed or had |ong term
i ndwel I'i ng foreign bodies such as a H cknman cat heter.

B. subtilis has also been inplicated in several cases of
food poisoning (Glbert et al., 1981 and Kramer et al., 1982 as
cited by Logan, 1988).

As previously nmentioned, B. subtilis produces a nunber of
enzynmes, including subtilisin, for use in laundry detergent
products. There have been a nunber of cases of allergic or
hypersensitivity reactions, including dermatitis and respiratory
distress after the use of these |aundry products (Norris et al.
1981).

5. Concl usi ons

B. subtilis is not a human pathogen, nor is it toxigenic
i ke sone other nenbers of the genus. The virul ence
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characteristics of the mcroorganismare low. According to
Edberg (1991) either the nunber of m croorgani sns chall enging the
i ndi vi dual nust be very high or the i mune status of the

i ndi vidual very lowin order for infection wwth B. subtilis to
occur.

B. Envi ronnent al Hazards

1. Hazards to Aninals

B. subtilis has been isolated froma nunber of cases of
bovi ne and ovi ne abortions, however, the m croorgani smhas never
been identified as the causal agent (Logan, 1988). Reports on
association of B. subtilis with livestock abortions are fairly
rare, and of much | ower frequency than wth other Bacillus
species, which are rare conpared to all other m croorgani sns,

especially viruses and fungi. B. subtilis has also been reported
in 17 cases of bovine mastitis in which it was thought to be the
causal agent (Fossumet al., 1986). However, the limted nunber

of cases of mastitis associated with B. subtilis also is rare
conpared to nmastitis caused by other m croorgani sns.

B. subtilis has al so been shown to be capable of infecting
and causing nortality of the 2nd instar |arvae of the npbsquito,
Anophelis culicifacies, which is the primary insect vector of
mal aria in central India (Gupta and VWyas, 1989). B. subtilis was
bei ng i nvestigated for use as a biocontrol agent in this study.

2. Hazards to Plants

B. subtilis is not considered to be a plant pathogen (7 CFR
330, et seq.; Caus and Berkel ey, 1986). However, there are
several reports in the literature that associate B. subtilis with
certain plant diseases. Kararah et al. (1985) produced soft rot
of garlic cloves by injecting B. subtilis into them Bergey's
Manual of Systematic Bacteriology notes that pectin and
pol ysacchari des of plant tissues can be deconposed by B. subtilis
and that this mcroorgani smcan cause soft rot of potato tubers
(C aus and Berkel ey, 1986). There are several abstracts obtained
inaliterature review that suggests that B. subtilis may cause
ot her plant di seases, however, no nore information was
obt ai nable. One abstract reported that B. subtilis was the cause
of a broad open cancer ulcera on Norway naples in forests in the
Urals (Yakovleva et al., 1990). Anot her reported that an
organismtentatively identified as B. subtilis was consistently
isolated fromglasswort (Salicornia) plants suffering froma
soft-rot di sease (Stanghellini and Rasnussen, 1989).
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3. Hazards to O her M croorgani sns

B. subtilis has been shown to produce a wi de variety of
anti bacterial and antifungal conpounds (Katz and Demain, 1977,
Korzybski et al., 1978). It produces novel antibiotics such as
difficidin and oxydifficidin that have activity against a w de
spectrum of aerobic and anaerobic bacteria (Zi mmerman et al.
1987) as well as nore conmmon antibiotics such as bacitracin,
bacillin, and bacillonmycin B (Parry et al., 1983). The use of B.
subtilis as a biocontrol agent of fungal plant pathogens is being
i nvestigated because of the effects of antifungal conpounds on
Monilinia fructicola (MKeen et al., 1986), Aspergillus flavus
and A. parasiticus (Kimura and H rano, 1988), and Rhi zoctoni a
(Loeffler et al., 1986).

Al though B. subtilis produces a variety of antibiotic
conpounds in culture nedia, the inportance of antibiotic
production in the environnment is unknown (Al exander, 1977).

V. EXPOSURE ASSESSMENT
A Wor ker EXposure

B. subtilis is considered a Cass 1 Contai nnment Agent under
the National Institute of Health (NIH) Cuidelines for Research
| nvol vi ng Reconbi nant DNA Ml ecul es (U. S. Departnent of Health
and Human Services, 1986). This mcroorganismalso falls under
the Cass 1 Contai nment under the European Federation of
Bi ot echnol ogy gui delines (Fromer et al., 1989).

The potential worker exposures and routine releases to the
envi ronment from | arge-scal e, conventional fermentation processes
were estimated on informati on avail able from ei ght premanufacture
notices submtted to EPA under TSCA Section 5 and from published
i nformati on coll ected from non-engi neered m croorganisns (Reilly,
1991). These val ues are based on reasonabl e worst-case scenari 0s
and typical ranges or values are given for conparison.

During fernmentation processes, worker exposure is possible
during | aboratory pipetting, inoculation, sanpling, harvesting,
extraction, processing and decontam nati on procedures. A typical
site enploys |less than 10 workers/shift and operates 24 hours/day
t hr oughout the year. N OSH has conducted wal k-t hrough surveys of
several fernmentation facilities in the enzyne industry and
nmonitored for mcrobial air contam nation. These particul ar
facilities were not using reconbi nant m croorgani snms, but the
processes were considered typical of fernentation process
technol ogy. Area sanples were taken in | ocations where the
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potential for worker exposure was considered to be potentially
greatest, ie. near the fernentor, the seed fernentor, sanpling
ports, and separation processes (either filter press or rotary
drumfilter). The workers with the highest potential average
exposures at the three facilities visited were those involved in
air sanpling. Area sanples near the sanpling port reveal ed
average airborne concentrations ranging from350 to 648 cfu/nt.
Typically, the Chem cal Engi neering Branch would not use area
monitoring data to estimate occupati onal exposure |evels since
the correlation between area concentrati ons and worker exposure
is highly uncertain. Personal sanpling data are not avail abl e at
the present tine. Thus, area sanpling data have been the only
means of assessing exposures for previous PM bi ot echnol ogy

subm ssions. Assum ng that 20 sanples per day are drawn and t hat
each sanple takes up to 5 mnutes to collect, the duration of
exposure for a single worker will be about 1.5 hours/day.
Assumi ng that the concentration of mcroorganisns in the worker's
breat hi ng zone is equivalent to the levels found in the area
sanpling, the worst-case daily inhal ati on exposure is estimted
to range up to 650 to 1200 cfu/day. The uncertainty associ ated
with this estinmated exposure value is not known (Reilly, 1991).

B. Envi ronmental and General Exposure

1. Fate of the Organi sm

B. subtilis is a common saprophytic inhabitant of soils and
is thought to contribute to nutrient cycling due to the variety
of proteases and ot her enzynmes nenbers of the species are capable
of producing. Gowth normally occurs under aerobic conditions,
but in conplex nedia in the presence of nitrate, anaerobic growh
can occur (C aus and Berkel ey, 1986). Under adverse
environnental conditions, B. subtilis produces endospores that
are resistant to heat and desiccation (C aus and Berkel ey, 1986).
Specific data conparing the survivability of industrial and
wld-type strains of B. subtilis were not available in the
existing literature. However, the ability of B. subtilis to
produce highly resistant spores and grow under a w de range of
conditions indicates that rel eased strains are likely to survive
out si de of contai nnent.

2. Rel eases

Esti mates of the nunber of B. subtilis organisns rel eased
per production batch are tabulated in Table 1. Al calculations
are based on use of asporogenic strains with a sporul ation
deficiency of 107. The minimally controlled scenario assunes no
treatnent of the fernentor off-gas and assunes 100-fold (2 |o0Q)
reduction of the maxi mumcell density of the fernentation broth
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resulting frominactivation (Reilly, 1991). The contai nnent
criteria required for the full exenption scenario assune the use
of in-line filters to treat vent gases and a 99% renova

ef ficiency under normal operating conditions. They also assune
an overall 6-1og reduction relative to the maxi numcell density
of the fernmentation broth resulting frominactivation steps
(Reilly, 1991).

TABLE 1. Estimated Nunber of Viable Bacillus subtilis
Organi sns Per Production Batch

Mnimally Ful
Rel ease Medi a Controll ed Exenpti on Rel ease
(cfu/ day) (cfu/day) (days/ year)
Air Vents 2x108 - 1x10% 2x10° - 1x10° 350
Rotary Drum Filter 250 250 350
Surface Water 7x10% 7x10° 90
Soi | / Landfil | 7x10% 7x10% 90

Source: Reilly, 1991

In addition to the rel eases tabulated in Table 1, spores
woul d be released at a rate of 1.7 x 10 spores/day in solid
wastes and 2 x 10% spores/day in agueous wastes (Reilly, 1991).
These are "worst-case" estimates which assune that the
i nactivation procedure against spores is ineffective and the
separation efficiency for the rotary drumfilter is 99 percent.

3. Ar

Specific data which indicate the survivability of B.
subtilis in the atnosphere after release are currently
unavail able. However, its ability to survive in a broad habitat
range and produce spores suggests that this organi smwould be
likely to survive after release. As with naturally-occurring
strains, human exposure nmay occur via inhalation as the organi sns
are dispersed in the atnosphere attached to dust particles, or
| ofted through nechani cal or air disturbance.

Air releases fromfernmentor off-gas could potentially result
i n nonoccupational inhalation exposures due to point source
rel eases. To estinate exposures fromthis source, the sector
averaging formof the Gaussian al gorithm described in Turner
(1970) was used. For purposes of this assessnent, a release
hei ght of 3 neters and downward contact at a distance of 100
meters were assuned. Assuming that there is no renoval of
organi sns by additional treatnent of off-gases, potential human



21

i nhal ati on dose rates are estinmated to range from3.0 x 10% to
1.5 x 10° cfu/year for nminimally controlled systens and 3.0 x 10!
to 1.5 x 10* cfu/year for systens with full exenptions. It
shoul d be noted that these estinmates represent hypothetical
exposures under reasonabl e worst case conditions (Versar, 1992).

4. Wat er

The concentrations of B. subtilis in surface water were
estimated using streamfl ow val ues for water bodies receiving
process wastewat er discharges fromfacilities within SIC Code 283
(drugs, nedicinal chem cals, and pharmaceuticals). The surface
wat er rel ease data (cfu/day) tabulated in Table 1 were divided by
the streamflow values to yield a surface water concentration of
the organism (cfu/l). The streamflow values for SIC Code 283
wer e based on di scharger |location data retrieved fromthe
Industrial Facilities D schargers (IFD) database on Decenber 5,
1991, and surface water flow data retrieved fromthe RXGAGE
dat abase. Fl ow val ues were obtained for water bodies receiving
wast ewat er di scharges from 154 indirect (facilities that send
their waste to a POTW and direct dischargers facilities that
have a NPDES permt to discharge to surface water). Tenth
percentile values indicate flows for smaller rivers within this
di stribution of 154 receiving water flows and 50th percentile
val ues indicate flows for nore average rivers. The flow val ue
expressed as 7Q10 is the | owest fl ow observed over seven
consecutive days during a 10-year period. The use of this
met hodol ogy to estimate concentrations of B. subtilis in surface
wat er assumes that all of the discharged organi sns survive
wast ewater treatnment and that growth is not enhanced by any
conponent of the treatnent process. Estimted concentrations of
B. subtilis in surface water for mnimally controlled and ful
exenption scenarios are tabulated in Table 2 (Versar, 1992).
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TABLE 2. Bacillus subtilis Concentrations in Surface Water

Recei vi ng
Fl ow St ream Fl ow Organi sns
(M.D*) (cfull)
Mean Q710 Mean Q710

Mnimally Controlled

10th Percentile 156 5. 60 4.5x10° 1. 25x10°

50th Percentile 768 68. 13 9. 11x10% 1. 03x10°
Ful | Exenption

10th Percentile 156 5. 60 4.5x10? 1. 25x10°

50th Percentile 768 68. 13 9. 11x10° 1. 03x10?

*MD = mllion liters per day
Sour ce: Versar, 1992

The concentrations of B. subtilis spores in surface water
were al so estinmated using the nethodol ogy and assunpti ons
descri bed above. Estimated concentrations of B. subtilis spores
in surface water are tabulated in Table 3.

TABLE 3. Concentrations of Bacillus subtilis
spores in surface water

Spor es/ |
Fl ow
Mean 7QL0
| Oth Percentile 1.28x10° 3. 57x10?
50th Percentile 2.60x10"? 2.93x10°
Source: Versar, 1992
5. Soil
The natural habitat for B. subtilis is soil. Therefore,

long-termsurvival in soil nmay be expected to occur. Human
exposures via dermal and ingestion routes, and environnental
exposures (i.e., to terrestrial, avian, and aquatic organisns via
runoff) may occur at the discharge site because of the

establi shnment of B. subtilis within the soil.
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6. Sunmary

Al though direct nonitoring data are unavail abl e, worst case
estimates using sporul ation deficient strains do not suggest high
| evel s of exposure to B. subtilis to either workers or the public
resulting fromnormal fernentation operations.

V. | NTEGRATI ON OF RI SK
A. Di scussi on

Bacillus subtilis is a ubiquitous, saprophytic, soil
bacteriumwhich is thought to contribute to nutrient cycling due
toits ability to produce a wide variety of enzynmes. This latter
feature of the m croorgani smhas been commercially exploited for
over a decade. B. subtilis has been used for industria
production of proteases, anylases, antibiotics, and specialty
chem cals. The Agency has reviewed three subm ssions for
production of enzynes using genetically nodified B. subtilis and
found no unreasonabl e risks to human health or the environnent
fromthe use of this mcroorganismin fernentation facilities.

Hi storically, B. subtilis was a termgiven to all aerobic
endospore-formng bacilli. Later, B. subtilis and two closely
related species, B. licheniforms, and B. pum|us, were grouped
taxonom cally into what was known as the subtilis-group.

However, recently nethods have been devel oped that allow B.
subtilis to be distinguished fromthese other species.

B. subtilis is not a frank human pat hogen, but has on
several occasions been isolated from human infections.
Infections attributed to B. subtilis include bacterem a,
endocarditis, pneunonia, and septicem a. However, these
infections were found in patients in conprom sed i mune st at es.
There nust be i mmunosuppressi on of the host followed by
i nocul ation in high nunbers before infection with B. subtilis can
occur. There also have been several reported cases of food
poi soning attributed to | arge nunbers of B. subtilis contam nated
food. B. subtilis does not produce significant quantities of
extracel lul ar enzynes or other factors that woul d predi spose it
to cause infection. Unlike several other species in the genus,
B. subtilis is not consider toxigenic. B. subtilis does produce
the extracel lular enzynme subtilisin that has been reported to
cause allergic or hypersensitivity reactions in individuals
repeatedly exposed to it.

Overall, B. subtilis has a | ow degree of virulence.
Al t hough the possibility of human infection is not non-existent,
it islowin the industrial setting where exposure to the
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bacteriumis expected to be | ow and where highly

i mmunoconprom sed i ndi vidual s woul d not be present. In an
industrial setting with the use of proper safety precautions,
good | aboratory practices, and proper protective clothing and
eyewear, the potential for infection of workers should be quite
low. The only human health concern for workers in the
fermentation facility is the potential for allergic reactions
wWith chronic exposure to subtilisin. As previously stated, OSHA
has established an exposure limt to subtilisin which nust be net
in the industrial setting.

Li kewi se, the ecol ogi cal hazards associated with the use of
B. subtilis are low. There are several reports in the literature
on the association of B. subtilis with abortions in |ivestock.
However, these few reports indicate that this association nmust be
fairly rare, and typically, the aninmals were i munoconprom sed.
In addition, B. subtilis has not been shown to be a causal agent
and is not considered an ani mal pathogen. Likew se, B. subtilis
is not considered a plant pathogen. Although it produces enzynes
such as pol ygal acturonase and cel |l ul ase that are soneti nes
associated with the ability to produce soft rot in plant tissue,
there are many organi sns that are capable of producing a soft rot
when injected beneath the outer protective epidermal |ayers.

The use of B. subtilis in an industrial setting should not
pose an unreasonable risk to human health or the environnent.
First, human health and environnental hazards of B. subtilis are
| ow. Second, the nunmber of m croorganisns rel eased fromthe

fermentation facility is low. In addition, B. subtilis is
ubi quitous in the environnent, and the rel eases expected fromthe
fermentation facilities will not significantly increase

popul ations of this bacteriumin the environnent.

In conclusion, the use of B. subtilis in fernentation
facilities for the production of enzynes or specialty chem cals
has I ow risk. Although not conpletely innocuous, the industrial
use of B. subtilis presents |low risk of adverse effects to human
health or the environnent.

B. Recommendat i ons

Asporogenic strains of B. subtilis with a sporulation
deficiency of at least 107 are recommended for the tiered
exenption. Due to recent changes in classification and the
devel opnent of new net hodol ogy for distinguishing anong cl osely
rel ated Bacillus species, it is recomended that manufacturers
confirmthat their strains neet the current classification of B.
subtilis.
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